Two Gram-stain-positive, catalase-negative, rod-shaped, bacterial strains (313 T and 311) were isolated from banana fruits in Taiwan 
Species of the genus Lactobacillus are widely distributed in dairy products, the natural environment and fermented foods. During a study of the lactic acid bacterial diversity in banana fruits in Taiwan, a total of 164 bacterial strains were isolated from nine analysed samples [1] . The results showed that Lactobacillus plantarum subsp. plantarum was the most abundant lactic acid bacteria (LAB) found in the banana fruits. In the same study, two strains, designated 313 T and 311, were isolated from banana fruits collected in Yunlin County [1] . Phylogenetic analysis based on the sequences of 16S rRNA and two housekeeping genes, pheS and rpoA [2] [3] [4] [5] [6] [7] , were performed. However, these two strains showed low similarities to the two housekeeping genes of the other known type strains. The purpose of the present study was to establish the taxonomic position of these bacterial strains. In order to precisely characterize strains 313 T and 311, a polyphasic taxonomic study was performed using morphological and phenotypic characterization, and phylogenetic and genetic methods. In addition to strain 313 T , the reference strains Lactobacillus nantensis BCRC 81031 T , Lactobacillus crustorum BCRC 81032 T , Lactobacillus heilongjiangensis BCRC 81033
T and Lactobacillus farciminis BCRC 14043 T were selected for further comparative study.
Amplification and sequencing of the 16S rRNA genes and the two housekeeping genes pheS and rpoA were performed using the primers previously reported by Sato et al. [8] , Naser et al. [9] and Chang et al. [10] . PCR reactions were carried out using a Genomics Taq gene amplification PCR kit (Genomics) and performed on a T100 Thermal Cycler (Bio-Rad) following the methods described by Chao et al. [11] . DNA sequencing was performed using an ABI 3730 DNA Analyser (Applied Biosystems). The 16S rRNA gene sequence similarity comparison with phylogenetic neighbours was carried out by using the EzBioCloud database (www.ezbiocloud.net/identify). Sequence homologies of pheS and rpoA genes were examined by using the GenetyxWin program version 5.1 (Genetyx). The 16S rRNA, pheS and rpoA gene sequences of Lactobacillus type strains were mainly obtained from the DNA Data Bank of Japan (DDBJ; www.ddbj.nig.ac.jp/) using ARSA. Sequences were assessed for similarity by comparing the sequences obtained with those in the DDBJ using BLAST. All sequences were aligned using CLUSTAL_W software [12] . Distances were calculated according to Kimura's two-parameter model [13] . Phylogenetic trees were then reconstructed using the neighbourjoining method [14] , with bootstrap analysis based on 1000 resamplings. The MEGA 7.0 package [15] T in the rpoA gene (95.88 %). In the genus Lactobacillus, interspecies gaps based on pheS gene sequences exceed 10 %. The rpoA gene sequences revealed a somewhat lower resolution, with an interspecies gap normally exceeding 5 % and an intraspecies variation of up to 2 % [5] . Phylogenetic analysis of the 16S rRNA, pheS and rpoA gene sequences obtained in this study and from GenBank indicated that strains 313
T and 311 belonged to the genus Lactobacillus. The statistical reliability of the tree was also evaluated by bootstrap analysis of 1000 replicates and the tree topology was confirmed using the maximum-parsimony [19, 20] and maximum-likelihood methods [21] . Similar results were obtained to those from the neighbour-joining method (Figs 1-3 and S1-S6, available in the online version of this article). According to the above evidence, we designated strain 313
T as a novel species of the genus Lactobacillus.
Strains 313 T and 311 showed 100 % sequence similarity in their 16S rRNA, pheS and rpoA genes. Additional analyses such as random amplified polymorphic DNA, enterobacterial repetitive intergenic consensus-PCR and repetitive sequence-based PCR were therefore performed [22, 23] . However, no obvious difference was observed in these analyses (data not shown). Strain 311 was therefore considered to likely be the clone of strain 313 T during the isolation process.
The DNA for DNA G+C content determinations and DNA-DNA relatedness analyses were extracted by using the QIAGEN genomic DNA purification kit (QIAGEN). The G+C contents were determined using reversed-phase highperformance liquid chromatography according to Tamaoka and Komagata [24] with slight modifications. The nucleoside mixtures were then separated using a Cosmosil 5 C18 column (Waters, 4.0Â150 mm; Nacalai Tesque) in a mobile phase composed of 0.2 M (NH 4 )H 2 PO 4 /acetonitrile (20 : 1, v/v) at a flow rate of 1 ml min -1 at room temperature. DNA-DNA hybridizations were performed by the fluorometric hybridization method in microdilution wells [25, 26] . The fluorescence intensity of each well was measured with the Fluoroskan Ascent FL microplate fluorometer (Thermo Labsystems) at a wavelength of 360 nm for excitation and 450 nm for emission.The DNA G+C contents of strain 313
T and strain 311 were 35.5 and 35.1 mol%, respectively. The values were close to the values of 37.1-38.3 mol% obtained for the phylogenetically related reference strains (Table 1) . DNA from strain 313
T was labelled with a hybridization temperature of 37 C. Low values of reassociation (<30 %) were observed with the closely related Lactobacillus species examined (Table 1) . These values are well below the threshold of 70 % suggested for bacterial species delineation [27] . These relatedness values confirmed that strain 313 T represents a novel species within the genus Lactobacillus. and Gram-staining were determined by using cultures grown in MRS medium at 30 C under anaerobic conditions for 24 h. Catalase activities were determined as described by Kozaki et al. [28] . Halotolerance, growth temperature range and lactic acid fermentation type were determined by using the methods described by Kozaki et al. [28] . Gas production from glucose was determined with a Durham tube in MRS broth. The API 50 CHL fermentation kit (bioM erieux) was used according to the manufacturer's instructions to examine carbohydrate metabolism. Production of ammonia from arginine were determined according to Barrow and Feltham [29] . The presence of diaminopimelic acid in the cell-wall peptidoglycan was determined according to Kandler and Weiss [30] . Whole-cell fatty acids were analysed as fatty T acid methyl esters (FAMEs) with the Sherlock Microbial Identification system (MIDI). The cultures were incubated on solid MRS medium for 48 h at 30 C under anaerobic conditions. FAMEs were extracted and prepared according to the protocol of Sasser [31] .
The characteristics of strain 313
T and 311 are shown in Table 2 (described in detail in the species description). Strain 313 T was homofermentative. Gas was not produced from glucose. Both D-(9-15 %) and L-lactic acids (85-91 %) were produced from glucose. Comparative fatty acid compositions of strain 313
T and phylogenetically related reference strains are given in Table S1 . The major cellular fatty acids of strain 313 T were 18 : 1!6c and/or 18 : 1!7c, 16 : 0, and 19 : 1!6c and/or 19 : 0 cyclo !10c.
According to the data obtained, the two strains are genetically distinguishable from recognized species of lactic acid bacteria and thus represent a novel species, for which we suggest the name Lactobacillus musae sp. nov.
DESCRIPTION OF LACTOBACILLUS MUSAE SP. NOV.
Lactobacillus musae (mu¢sae. N.L. gen. n. musae of Musa; pertaining to the fruit of Musa paradisiaca var. sapientum from which the strain was first isolated).
Cells are Gram-positive, non-motile, catalase-negative, rodshaped, occur singly or in pairs, facultatively anaerobic, and grow well anaerobically on MRS agar at 30 C. Utilizes Dglucose homofermentatively and does not produce gas from glucose. Produces L-lactic acid (85-91 %) and D-lactic acid The type strain 313 T (NBRC 112868 T =BCRC 81020 T ) was isolated from banana fruits collected in Yunlin County, Taiwan, in 2016. The DNA G+C content of the type strain is 35.5 mol%. b, Data from Gu et al. [2] . c, Data from Valcheva et al. [16] .
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